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INTRODUCT IDN
When there is so much of medicine that we do
not understand it is a pity that we do not utilize

the knowledge we already possess.

Such is the case

with the tuberculin test for the diagnosis of tuber
culosis, so widely used by the pediatricians yet

so rarely performed b y t� general practitioner.

For many years, in many communities, physicians

have noted a marked decrease in the incidence of
"positive" tuberculin reacti ons in children (and also
adults).

As routine tests begin to show less "pos

itive" reactions so does the value of the test become
enhanced for the diagnosis of tuberculosis.
Many practitioners have "bad their ears knocked
down" because they failed to perform the simple pro
cess of tuberculin testing or chest x-ray.

Time and

time again, many days, weeks and months have been

lost (not to mention the money spent) by the doctor

and the patient on numerous laboratory tests, needless
procedures and piffle, when ·the answer was tuberculosis
and not an ulcer, or a cancer or a questionable dis
ease of unknown etiology.
It is my purpose in writing th is thesis to impress

upon my mind the value of the tuberculin test in the
( 1)

(

( 2)

diagnosis of tuberculosis in hopes that it will in
fluence my future practice of medicine so that I
can spare some persona the needless time and money
wasted because I make an erroneous interpretation
of their disease.
In this paper I merely wish to review the usual
techniques of tuberculin testing.

So that I may

have a better understanding of what takes place,
the mechanism of tuberculin allergy was studied and
reviewed, so far as present knowledge of the subject
will allow.

No study of immunity was undertaken be

cause, for purpose of simplicity, I treated this phase
of the subject as though allergy and immunity were
two separate mechanisms.

This may or may not be true.

The· question is one being debated at the present time.
To have a better understanding of the pathology of
the cells after the tubercle bacilli enters the body,
this subject was reviewed and is used in this thesis
as a starting point.
Many investigators have been slighted in this
thesis.

No reference is given to the work of H. J.

Corper, M. L. Cohn and their coworkers of the research
department, National Jewish Hospital, Denver, Colorado,
who are rapidly unfolding the question of immunity.

( 3)

The work of Florence B. Seibert and Esmond R. Long,
of the Henry Phipps Institute, University of Penn

sylvania, Philadelphia, is not taken up in any de

taii in this thesis because time and space does not

permit, though their work on the isolation and stand
ardization of purified protein derivative of tuber
culin is the beginning of modern tuberculin testing.

I
PATHOGENESIS OF PRIMARY TUBERCULOSIS
The commonest· site of first infection of tub
erculosis is, by matter of events, in the lung
since the commonest mode of tuberculous infection
is by inhalation.

Because the bacilli enter the

body by inhalation it would be natural to expect
the earliest lesions in those parts of the lungs
which are best aerated.

This is indeed the case.

Here, after the bacilli are thus deposited, a small
area of exudation (pneumonia) results.

Following .

their deposition, certain cells of the body pick up
the bacilli and carry them through the moat available
lymphatic channels to the hilar lymph nodes where
tuberculous lesions are set up.
This combination of pulmonary lesion at the
periphery of the lung, in its most aerated parts,
where the bacilli are first deposited and lesions

at the hilar lymP,h nodes to where they are carried,
is known as the primary complex.
In the past, this characteristic lesion which
is different in important particulars from any later
tuberculous lesions, was called childhood tubercul
osis because in the ordinary rcutine of life most
(4)

(5)

persons became infected in childhood or early adolescence.

At the present time with modern surveys, tuber
culin testing and x-ray examinations, it is found
that more and more persons do not become infected
until reaching adult life. For this reason the
term "primary tuberculosis" or "primary complex of
tuberculosis" is used in preference to the formerly
used term "childhood tuberculosis n in reference to
this phase of the disease (1).

Some writers maintain that the primary phase
of tuberculosis lasts only until the sensitivity
to tuberculin develops, whereas others consider as
the primary complex the period extending from the time
at which the first implantation of tubercle bacilli
takes place in the lungs to the time at which cal
cification is complete or death occurs from prog
ression of the primary complex (2).

One may go

a bit further, along the same line of reasoning and
include both of these groups and maintain that the
primary complex includes both the development of allergy
and the evolution of the primary foci and ends only with
the development of reinfection (whether exogenous

or endogenous).

In the minds of most clinicians this

( 6)

latter, and broader, supposition is more practical.

At this point a Eehematic representation of the

main trend of the evolution of tuberculosis in the

human body is in order.
J Uninf�cted groupj

As represented by Stewart (3);

GENERAL POPULATION

In the majority of
these cases tuber
culosis does not
progress beyond the
primary stage
Types of tuberculosis
due mainly to endogen
reinfection
Tuberculosis of
serous membranes

Destrµctive tuberculosis
of various extrathoracic
viscera

!Bone and joint tuberculosis

Tuberculous meningitis

Infected group

ph node lesions

A m.inori i;y of
these cases-later
develop reinfect
ion type of
tuberculosis

Types of tuberculosis due to
endogenous or
exogen s reinfection�.
I'

'

;.. .&....

Phthisis ( reinfection pulmonary tuberculosis)

tuberculosis

Mortality and morbidity is very low in primary

tuberculosis.

(

In reinfection tuberculosis it is high.

(7)

Stewart (4) calls the primary phase of tuber
culosis "a benign disease with an uncertain ultimate
prognosis".

From a clinical point of view he pre

sents the following classification of primary
tuberculosis:
I. Primary tuberculosis with lesions that are
demonstrable.

Since methods available for the discovery

of primary lesions (x-ray, etc.,) during life are rel-

atively crude, the majority of patients (75 per cent
or more) fall into this group.
II. Primary tuberculosis with lesions some of
·which are demonstrable.

A minority {25 per cent or

less) fall into this group and may be subclassified
as follows:
ulosis;

A.

Primary, pulmonary or thoracic tuberc1.

With acute inflammatory lesions.

2.

With calcified hilum nodes or Ghon

tubercles or both.
3.

With fibrotic lesions or combina

tions of the above types of lesions.
B.

Primary abdominal tuberculosis (mesenteric).
1.

With calcified or non-calcified

retroperitoneal 1-ymph nodes.

c.

(

Primary cervical tuberculosis.

(8)

1.

With calcified or non-calcified

cervical nodes.
D.

of the body.

Primary tuberculosis of other parts

The discreteness of the above classification
must be taken into account.

One must remember that

patients grouped separately from others may harbor
additional independent primary complexes in other
regions of the body which escape detection on the
basis of the location and appearance of certain lesions
that happen to be visualized on the x-ray film.
All patients with primary tuberculosis are in
many important respects fundamentally alike.

In the

first place they harbor foci of primary tuberculous
disease in which virulent bacilli may live for
years, and secondly they are sensitive in general

to tuberculo-protein, and in the third place it is

from this group, regardless of the site of the pri
mary lesion, from which all patients who develop the
various types of reinfection type of tuberculosis are
derived.
The value of this classification lies in the
fact that it indicates whether or not lesions pres
ent are discovered and also designates as to where

(
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they are located when detected, and is of great
value for descriptive purposes.

In some instances these primary lesions progress,

that is, the forces of destruction overwhelm those of

defense and repair and the bacilli become disseminated.

These disseminations take place by all possible routs;
by contiguity, within the bronchi, by the lymph.a.tics,
and by the blood stream.

If massive amounts of Tuber

cle bacilli enter the blood stream, generalized miliary
tuberculosis develops.

In this form of tuberculosis,

millet-seed-sized lesions are scattered throughout most
organs of the body.

If the coverings of the brain are

involved in this. process,
tuberculous meningitis appears,
.
which occurs more frequently soon after the first in
fection than at any other stage of the disease.

How

ever, a vast majority of primary lesions heal by fib
rotic encapsulation and very.commonly by the deposition
of calcium.

It is to be further noted that during the

developments above outlined, there may be either no
symptoms or signs, nor even detectable x-ray changes,
or there may be symptoms and signs of grave disease.
· The very fact that an individual has been infected with
Tubercle bacilli by inhalation and that he harbors more
or less healed lesions of that encounter, bears certain

(9)
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quite important implication concerning further

events.

In the first place, although the lesions

may be healed, they may still and probably often

do harbor living Tubercle bacilli for an indefinite.
period of time,

although these bacilli are impris

oned, so to speak.

Their very presence is an ever

constant threat to health if changed conditions
should allow their release.

This aspect of the

primary infection may be looked upon as a debit
item in one's balance with his environment (body
economy).
On the other hand, the fact that the body has
reacted once to the Tubercle bacillus may be looked
upon as an asset, for, to use an analogy that should
not be interpreted too literally, the memory of that
encounter conditions all future reactions to Tubercle bacilli.

Henceforth the defensive forces of the

body will be mobilized more quickly and more effectiv
ely when and if bacilli again gain entrance to the
host, or when and if the bacilli dormant in the healed

first lesions gain exit (exogenous and endogenous
reinfection).

This changed reaction is called allergy.

Concomitantly with the appearance of this changed
speed of reaction, there is some measure of immunity,

(

(11)

a greater resistance, which, although far from being absolute, is of definite moment, provided the
dosage of reinfection is not so massive as to
overwhelm the limiting powers of defense.

The

presence of this changed reaction, this allergy,
can be very easily demonstrated in any individual
by injecting into or beneath the skin tuberculin,
a product of the Tubercle bacillus, which evokes
rapid inflammatory responses only in the body that
bas been previously infected.

The early studies of

Robert Koch (5) (6) demonstrated this rapid inflam
matory response even before the knowledge of allergy.
The problem of immunity in tuberculosis in a complex
one and is offering a rich field of study for such
investigators as Corper (7) (8) (9) (10) (11) (12) (13)
(14) (15) (16) ·-.and his associates of the research
department, National Jewish Hospital, Denver, Colo
rado; Konrad Birkhaug ( 17), of the Charles Mi.chelsen

Institute, Bergen, Norway; Rich and McCordock, of the

Jolms Hopkins hospital (18) and their associates; Avery
and Heidelberger (19), Allen K. Krause (20) of -Tueson,
Arizona; H.

s.

Willis {21); and many other notable i�

vestigators too numerous to mention.
After the primary infection has healed, as it

f
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does in most instances, the vast majority of persons
will uneventf'ully live out their life span without
.further misfortune attributable to tuberculosis.
But a certain proportion<:£ these, after a latent

period (the true primary tuberculosis), will develop
new lesions and the symptoms and signs of active

disease (see the diagram on page 6 of this thesis).
The histological pathology of the changes ob
served may be aummerized as follows:

Following the

implantation of Tubercle bacilli upon the tissues,
there appears, during the first few weeks, a neb

ulous mass of inflammatory cells which are for the
moat part monocytes, polymorphonuclear leukocytes,

lymphocytes and fibroblasts in the tissue structures.
As the age of the infection advances varying amounts
of inflammatory exudate appears.

Soon after this

preliminary reaction central coagulation necrosis
results and subsequently caseation necrosis.

In re

sponse the protective mechanisms come into play and
gradually connective and reticular tissues around
the outside form a nonspecific wall.

A great part

of this wall is formed perhaps merely by the mech
anical crowding of the peripheral tissue by the region
with inflammation.

After a few months there appears

{13)

an increased number of monocytes between the fibers
of the preliminary nonspecli'ic wall and the oaseous
center.

The change from monocytes to epithelioid

cells and then to fibroblasts, according to K. E.
Ranke {22), is a metaplasia.

There is a gradual

transition of these monocytes to fibroblasts over
a period of about a year.

It is possible that the

native reticulum proliferates into fibroblasts.

With- ,

in six months the inner fibroblastic layer is trans

formed into definite connective tissue and is clearly
visable as a capsule at about the second year.

Accord-

to Sweany {23) this capsule is part, if not all, of
the so-called capsule of Aschoff.

In the following

three years the capsule thickens, and at the end of
this five year period it begins to be replaced by
calcification from within.

At the same time there

is an outer layer of nonspecific fibers and also
probably native reticulum which forms a wall around
this so-called inner capsule.

To distinguish it from

the inner capsule and the outer tissue this layer
is designated middle.

This middle layer then gradually

becomes thicker and reaches a maximum.thickness in abou1
seven or eight years, at which time it is dense and
hyalin.

However, before this is completed, the central

(14)

core has been converted into a calcified mass (24).
This calcification begins focally in the center and
progresses toward the periphery as a thin ring.

As

regarded by Sweany (25) this calcification ring is
visable first in the postmortem reentgenogram when
the tubercle has been present for about one year,

becomes sharp after about two years and appears as
a broad band by four years.

The central opening

closes after from six to seven years, according to
his estimations.

Sweany brings out the fact that

not all lesions have the same density of calcific
ation, and primary lesions in adults progress more
slowly in adults than those in infants and children.
At about five years, the old fibrocytes adjacent
to the calcification undergo a form of metaplasia
into peculiar phagocytic cells which grow at the
expense of the calcified center on the inside and
the old fibrous tissue on the outside, resulting in
various sized lucunae.

The cells vary morphologic

ally, some being small, with acidophilic cytoplasm

and densely staining nuclei, while others are large

and appear to be hystiocytes of the fixed tissue type.
Others appear to be ordinary basic reticulum fibroblasts ( 26).

(

(15)

As these tissue changes are taking place,
small capillaries from adjacent vessels develop,
although lacunae may form without their presence.
When the capillaries appear, the cells within
assume greater activity and erode large opening in
the calcified portions.

These cells resemble fib

roblasts and seem to follow the reticulum. in the core
of the tubercle.

The reticulum seems to serve as

the framework on which the fibroblasts· develop if
it is not actually a percursor of the fiibroblasts.
The capillaries ramify and spread into the lucunae (2?).
The fibroblasts lining the lucunae are fibrillar

and become collagenous and dense after about ten
years.

The cytoplasm is solid and resembles bone.

The .nuclei are angular and often pentagonal.
lucunae become l�rger as years pass.

The

After about

twenty years approximately one-third of the region
has been resorbed.

Bone sometimes forms directly

from fibrocytes in the later stages, being laid down
in thin layers and ossified.

The inner margins of

the bone may be resorbed by cells similar to those
causing the original erosions, but never have true
osteoclast been found (28).

The elements of bone marrow are formed coincident

f
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with the formation of bone.
red marrow occasional.

Yellow marro� is usual,

Blood vessels, reticulum,

connective tissue and hemopoietic elements form in
varying amounts, however most of the marrow tissue

is primitive. Lymphoid 1 tissue occasionally develops
in lymph node tubercles, instead o� marrow, and this,
according to Sweany (29), suggests that a histologic
accomodation exists in the entire process.
The formation of bone in the tubercle points
out the marked placticity of the reticulum and con
nective tissues of the body.

With regards to the

tubercle, Sweany states that "almost every tubercle
that bas been present over twenty years contains
bone, t� quantity of which is rOlghly proportional
to the time elapsed in formation.

These evolutionary

changes" he says, "may seem phenomenal because a
tubercle differs markedly from intramembranous bone.
However," he points out, "all changes are in connect
ive or basic reticulum tissues, and the morphologic
appearances are not considered to be the inherent
nature and function of the cells.

While most of the

changes may be classed as true metaplasia ., 11 Sweany
argues, "all seem to be an adjustment to the environ

ment."

( l '7)

The giant cells lying between the capsule and
the central core are other interesting structures
in tubercles that have been present up to thirteen
years.

Up to a year these are numerous, and are

commonly found up to four years and then show a
gradual decrease up to thirteen y�ara.

Sweany (30)

points out that there is possibly a relationship
between the presence of giant cells and living
tubercle baeill� in the tubercle.
\

He says that

"although they do not prove that living tubercle bacilli

are present, the evidence in in favor of such a hypo
thesis.

On the contrary, there absence does not prove

the absense of bacilli.

Certainly this is true for

the younger ages, and the gradual disappearance of

these giant cells suggests healing of the infection.rt
If the presence of these giant cells alone infil:oates
the presence of living tubercle bacilli, then most
tubercles contain living bacilli for four or five
years, many for eight or ten years and a few for
as long as thirteen years.

This discussion has been confined to average

sized healing tubercles but problems of greater
importance are encountered in the slowly progressive
lesions or those which progress rapidly.

This average-

(18)

sized healing tubercle which represents a slow de
veloping type of lesion by virtue of marked resistance on the part of the individual and often an
organism of low-grade virulence would be. classified
by Smith and Gault (31) as "fibroid tuberculosis".
By their classification they carry the story of de
creased resistance of the host and increased virulence
of the tubercle bacillus from bad to worst.
fibroid tuberculosis is

1 1 fibrocaseous

Following

tuberculosis 11

which they consider the most common type of tuberculosis
and represents the result which one expects to find in
an individual of average resistance and an organism
of average virulence.

Next is "caseous tuberculosis 11

•

which is meant a form in which the resistance of the
individual is obviously almost negligible, and the
virulence of the organism is very marked.

Following

in severity is "acute miliary tuberculosis 11 which means
the �evelopment of multiple miliary tubercles throughout the body as the result of a hematogenous dissemin
ation of the tubercle bacillus.

These gain entrance

to the blood stream usually from a primary focus in
the lung or elsewhere by erosion of the wall of a blood
vessel.

Their final type of tuberculosis in their

classification is the so-called "hyperplastic tuber-

(19)

culosis" which is a comparatively rare form character
ized by the continued production of tuberculous gran
ulation tissue without the development of character

istic caseation necrosis and tubercle formation to any
extent.
It is beyond the scope of this thesis to consider
the pathology of all the forms of tuberculosis.
Sweany (32) in his studies of the parallelism
between the age of the primary focus and its histol
logical structure, made some int�resting observations.
He examined primary tubercles from one�undred patients
having accurate histories of contact with the disease.
Twenty seven of whom were infected before the age
of five years and seventy three of whom were infected
later.

He pointed out that there was an interesting

parallelism between the morphological changes and
the age of the tubercles.
As a result of these destructive changes and
the survival of the tubercle bacilli, Sweany noted
that 74.6 per cent of young patients in this series
with accurate histories of gross contact had an in

sidious endogenous spread of the bacilli, culminating

in a clinical episode on the average ten years after
the initial infection and death after another three

(20)

and a half years.
Levine (33) divides the students of tuberculosis
into two schools, with regards to the role of allergy
in the pathogenesis of tuberculosis.

It is true that

that this subject remains one of controversy.
On the one side are the investigators which is
composed of those who, following the teachings of
von Pirquet, maintain that a person who.has passed
through a primary tuberculosis infection, as eviden
ced by roentgenograms and positive reactions to cut
aneous tuberculin tests, is better able to withstand
future exogenous infections. On the other side, the
opposing school contends that the primary tuberculosis
infection, regardless of outcome, is a detriment since
it sensitizes the tissues and renders the person sus
ceptible to severe allergic disturbances if reinfection

occurs. Myers and his associates (34) writing on the
experiences in this latter school (the leading expon
ents being the workers at the Lymanl:ru.rst School in

Minneapolis) states that "regardless of when it dev
elops, the first infection type of tuberculosis leaves
the body in a hazardous condition from the standpoint
of development of the reinfection type of tuberculosis
(whether the�einfection is endogenous or exogenous)."

(

(21)

Myers and his associates (35) studied 446

children with positive reactions to tuberculin but
without clinical pulmonary tuberculosis and 772
children with negative reactions.
were followed up for ten years.

These children
The average age at

the first examination of the former group was seven
years, and for the latter, 6.6 years. The average
number of years of the follow-up for the former was
11.3 and for the latter 10.95. At the end of the
follow up period it was found that 67 positive re
actors (15.02 per cent) were sick with the reinfection

type of disease, while of the negative reactors only

13 (1.68 per cent) were sick with active tuberculosis.
Thus there were 9 cases of tuberculosis in the pos
itive reactors and one in the negative reactors.

The

I

ratio between the mortality for the positive reactors
and that for the negative reactors was 38 to l.
Another useful fact obtained from these obser
vations is that clinical tuberculosis rarely appears
until adult life. The average age at which these
persons were found to have the primary tuberculosis
complex. as manifested by the reaction to tuberculin.
was seven years, but the average age at which they were
found to have clinical tuberculosis was 18.7 years.

( 22)

The studies of Myers and his associates at the
Lymanhurst School in Minneaposis and their followers
seems to be quite conclusive as evidenced by the

work of Ch11u, Stewart and Myers just reviewed.

Of those who assert that the presence of the
primary complex is, in a way, an asset should, in

all fairness, likewise be reviewed.

The work of

Clawson {36) 1 fr.om the department of pathology,
University of Minnesota, studying the effects of a
primary pulmonary tuberculous lesion (BCG) on experi
mental pulmonary tuberculosis in rabbits made some
interesting observations.

By injecting 2 mgm. of

living BCG through the thoracic wall and pleural cavity
an experimental primary pulmonary lesion (BCG) was
produced in the left lung.

This method of producing

a primary lesion had been found to be almost 100 per
cent.
tained.

Thus his so-called allergic animals were ob
From Dr. M. B. Lurie of the Henry Phipps

Institute, he was supplied with a virulent bovine
strain {C) of which he injected 0.01 mgm. into the
lower lobe of the right lung.
used and 38 "allergic'" animals.

32 normal animals were
The hypersensitiveness

having been determined and graded from Oto 4 plus.
{Only four of these were found to be negative, and

,

(23)

each of these four were found to have a primary lesion
at subsequent examinations at autopsy).

The animals

were killed and examined at intervals of from one
to fifteen days over a period of 110 days.

From

one to eight members of either group were selected

for study and comparison.

Of the first six animals

studied from each group the "allergic" animals showed
one to two plus reactions.

The normal animals showed

no tuberculosis until the ninth day.

On the seventh

and ninth day the allergic group showed no tubercul

osis in the right lung.

On the twenty-eighth day the

non-allergic group showed as much as a four plus

tuberculosis (including most of the right lung with

extension to the left lung or to other organs) for
the first time since the "exogenous" infection.

Not

until the one hundred tenth day did any of the "allergic"
group show a four plus reaction and three plus was
first seen on the sixty first day.

The rest of the

days previous the tuberculosis was rated as one to two
plus or absent.

Clawson infers from his experiments that a re�
tarded or healed primary pulmonary tubercle may be
considered in most cases to have a benificial aspect
(resistance, allergy or both) which 1n the majority

f

(24)

of cases far overbalances the deleterious effects
of allergy.
Along the same line of thought, Levine (37),
from the Bureau of Laboratories, department of
pediatrics, Cornell University Medical College, made
the following observations from the study of 939
children who had negative reactions to tuberculin
tests and who came from tuberculous families, over a
period of two to six years.

In this group alternate

patients (463) were sensitized to tuberculin by intra
dermal inoculation with 0.15 mgm. of BCG.
mainder (476) served as controls.

The re

All the children

were subsequently exposed to tuberculosis.
Du.ring the period of observation 251 (sensitized)
children and 231 controls were exposed to person with
positive sputum.

The remainder were exposed to per

sons with negative sputum.

In

93 of the controls

positive tuberculosis developed.
Of the children sensitized with BCG. and exposed
to persons with positive sputum, four or 1.6 per cent,
died of tuberculosis, whereas of the controls similarly
exposed, five or 2.6 per cent, died of the disease.
The results obtained from this series of cases
indicates, therefore, that in children under the age
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of six years {a) the implantation of exogenous tubercle
organisms on allergic tissue does not necessarily lead
to the development of reinf'ection type of tuberculosis
which is usually found during and after puberty, and
does not produce lesions which give roentgenographic
evidence of greater severity and, (b) the mortality

from tuberculosis among tuberculo-allergic children
exposed to exogenous tuberculosis reinfection is no
greater than that of non-allergic children during
approximately �the same period.
Levine concluded that the evidence obtained from
this study carried out under carefully controlled
conditions over a six year period� indicates that in
children under the age of six years the implantation
of exogenous tubercle bacilli on pulmonary tissue
sensitive to tuberculin does not result in more violent
tissue response or in an increase in the mortality
rate.
It appears then, that Levine takes a neutral po
sition, at any rate for the effects of primary tuber
culosis and its subsequent outcome in children under
six years of age.

What happens to these children in

their years to come will be the real proof.

This problem of immunity and/or allergy was

(
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very concisely reviewed by Konrad Birkhaug (38).

He

points out tbat primary tuberculous inf'ection renders
an animal concomitantly allergic and partially immune
toward a subsequent virulent inf'ection, and remarks that
i_t remains a controversial issue, however ., whether or
not the state of allergic hypersensitiveness is an
essential function of the concurrently acquired
immunity towards reinfection.

Much of the controversial

rage over this issue appears to have been disputed

during the last ten years by the suQcessfull separa
tion of the allergic state from the immune state in
several bacterial diseases including tuberculosis.
Current literature (39) (40) thus presents a decide�ly
increasing threat to the heretofore dominant supposition
that�the state of allergic hypersensitiveness is
inseparable from immunity such as the supposition
advanced by Krause (41) and Willis (42), that "allergy
is the function of immunity."
The confused subject of allergy and immunity was
to a great extent clarified by Rich and McCordock (43).
These investigators stated that "in drawing into ques
tion the value of allergy in acquired resistance, we
are in no sense questioning the value and good service
of the inflammation which attends the allei-gic reaction.
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This inflammation appears to us to be directed prim

arily toward the neutralization of the noxious effects
with tuberculo-protein exerts upon the hypersensitive

body, rather than to be a bactericidal attack against
the intact, living bacillus."
These workers are of the opinion that it is
not necessary for tissue hypersusceptibility to
tuberculo-protein to be present for the more effic-

ient destruction and restraint of growth of the bacillus
observed in tbe body with acquired resistance.

How

ever they admitted that further experimentation toward the solution of the problem is urgently requested.
These Johns Hopkins investigators unequivocally
demonstrate that allergy and innnunity are two wholly
distinct processes whose association in a number of

bacterial diseases, including tuberculosis, is merely

fortuitous in view of the fact that all the manifest
ations of allergic hypersensitiveness can be removed
by a process of desensitization without disturbing

the state of acquired immunity as was demonstrated

by Corper (44) and his associates, and earlier by
Rothschild, Friedenwald and Bernstein (45) who con
cluded from their experiments with 600 guinea pigs
that "complete desensitization does not deprive the
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treated animals of any aspect of their immunity as

measured by the course and severity of local lesions,

by the spread and severity of visceral lesions, and
by the mortality from tuberculosis in infected animals.

In all these respects the reaction of the desensitized

animals was equal to or superior to that of the non
desensitized animals used as controls.

In so far as

the inhibition of spread of lesions from the site of
infection to the viscera may be used as evidence of
local fixation of bacilli, the desensitized, non
allergic immunes were able to resist the spread of
infection as successfully as the allergic immunes."
Rich, Chesney and TUrner {46) demonstrated the
proposition that immunity can be established without
allergy.
Rich and McCordock (47), in view of their own
inve�tigations and supported by others, make the state
ment that "in spite of wide spread and dogmatic asser
tions about the protective role of allergy, there is
not one single expe�iment or observation on record
through which hypersensitiveness has been shown to
be necessary for the op�ration of immunity in any
condition whatsoever."
'

II
MECHANISM OF THE SPECIFIC
. ACTION OF TUBERCULINS
It is practically impossible to write a formu
latio_n of the mechanism or the mechanisms which are
responsible for the positive tuberculin reaction.
Suffice to say, that precisely wh at the mechanism is,
as yet, one of the many unanswered questions which
perplex the minds of the moat erudire clinicians
and meticulous laboratory observers.
Although the early atudie sof Koch ( 48) and his
associates on superinfection in tuberculosis and the
physiological effects of the injection of tuberculin
into infected animals constitute a definite obser
vation on bacterial allergy, this type of hypersen
sitivness is less clearly understood than are other
phases of this general subject.
Much has been learned about the mechanism in the
reaction of the animal body to coagulable proteins,
and there is at the present time a reasonable amount
of information which concerns the relationship of anti
bodies and protein anaphylaxis.

If the tuberculin

reaction could be demonstrated to coincide with either
of these mechanisms, then its mechanism would simply
(29)
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be a matter o:f "pigeon-holing".

It is well known

that it is possible to passively trans:fer antibody
containing sera and thus render the recipiant anaphy
lactic.

The origin of this phenomena dates back

:fi:fty years to the experimental observation of
Hericourt and Richet (49) who observed that repeated
injections of eel venum into dogs gave rise to an
increased susceptibility toward this substance in
stead of immunizing the dogs against it.

Later

Portier and Richet (50) working with actinocongestin,
a toxin extracted from the tentacles of Actinia, ob
served anaphylaxis in dogs by injecting a dose of the
toxin one-fifth the lethal dose several days after
an initial dose, which was considerably smaller.

It

was Richet who gave us the term "anaphylaxis" {ana
against; phylaxis-protection) {51).

A few years

later Nicolle (52) {53) and also Otto (54) demonstrated
that the hypersusceptible state could be passively
transferred to normal animals by injecting them with
the serum of anaphylactic animals, and after twenty
four hours injecting the animals with the specific
antigen.

Animals treated in this way show typical

symptoms or specific anaphylaxis and often die.
Reasoning likewise, Lesne' and Dreyfus (55) in-
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jected serum of tuberculous human cases into guinea
pigs into which they afterwards inoculated tuberculin
by the intracerebral path.
ed only 20 reacted.

Of 100 animals thus treat

However guinea pigs injected

with normal serum _ g�ve an identical reaction in five
per cent of cases when later inoculated with tuber
culin by the same rout. These investigators con
cluded that the results obtained were neither suff
iciently specific nor sufficiently constant for one

to be able to recommend anaphylo-diagnoais of tuber
culosis as a clinical measure.
On the same basis Ernst Fraenkel (56} repeated
the experiments with even more negative results.
About the same time Helmolz (57} and Onaka (58}
found that if 0.02 cc. to 0.025 cc. of tuberculin
was injected intradermally into the skin of the back
of guinea pigs which had two days previously received
an intraperitoneal injection of four to five cc. of
the serum from a man or animal reacting positively to
tuberculin # a local reaction was frequently produced
and remained visable for four to five days in the
form of a papular swelling of purplish red color.
This would seem # then # that passive transfer was
possible.
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However these reactions are certainly not const
ant, since they could not be reproduced either by
Joseph (59), nor by R. Kraus, E. Loewenstein and R.
Volk (60), nor by Neufeld and Dold (61).
Wells (62) regarded true anaphylaxis only when:

(a) "The observed toxicity of the injected material
must depend upon sensitization of the animal, that

is, the substance must not produce similar signs and
symptoms in the non-sensitized animal (of the same
species) •
(b) "It should be possible to demonstrate passive
sensitization with the serum of the sensitized animal".

It is seen that tuberculin hypersensitiveness
holds true for the first part of H. G. Wells' crit

eria but not for the second part, that is, the serum
of tuberculous subjects cannot be passively trans
fered.
It would seem then that tuberculin hypersensit

ivity has no relationship with the phenomenon of
anaphylaxis (phenomenon of Arthus).
is not entirely true.

This of course

To quote Hans Zinaser (63);

"----all forms of specific hypersensitiveness are
probably based on the same fundamental mechanism;
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namely, an acquired altered capacity of the cells
to react to the particular inciting substance, in which
the varying chemical and physical nature of the anti
gens is responsible for certain differences in the
apparent mechanism, especially as regards to appear
ance of demonstrable circulating antibodies".
This leads then logically to a justifiable sub
division of all forms of hypersensitiveness into two
main classes:
(a)

Hypersensitiveness in which an antibody mechanism

has been plainly demonstrated.
(b)

Hypersensitiveness which, while remaining a spec

ifically increased reaction capacity for an antigenic
substance or for partial antigens, occurs without
any definite evidence of the presence of circulating
antibodies.
It is seen, then, that the tuberculin reaction
falls into the second class.
If hypersensitiveness cannot be transfered in
the serum of tuberculous subjects to non-tuberculous
subjects, just how then can hypersensitivity of the
cells of the body be aroused without actually prod
ucing the disease?
Moussu (64) concluded from his experiments that

(
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the reaction within and around the tuberculous foci
does not depend upon the presence of the bacilli in
the organism but rather upon an impregnation of the
organism with toxic products elaborated by the bacilli.
Trudeau, Baldwin and Kingshorn (65), using Berk
feld bougies or collodion sacs containing virulent
bacilli did not reach the same conclu ·sion from their
· ults as did Matsumura (66) a few years later. They
res
left these filters in the peritoneal cavity of rabbits
for two to three months.

After which time the in

jection of tuberculin caused no thermal or focal re
action around the sacs.

s.

Matsumura noted that when

heat-killed tubercle bacilli were enclosed in collod
ion sacs and placed in the peritoneum of normal guinea
pigs, it rendered these animals sensitive to tuber
culin, after two to four weeks, which was no different
from that presented by other guinea pigs inoculated
directly with cultures.
The next logical step would be to attempt to
sensitize animal with tuberculin.

The object being

to determine whether or not tuberculin possesses the
anaphylactogenic property.

These studies were taken

up by A. Calmette (6?) and his associate, L. Bruyant.
These experimenters injected normal guinea pigs intra\

f

cardiacly with doses of 0.005 to 0.0l gm. of dry
precipitated tuberculin, diluted with physiological
salt solution.

After fifteen days they tested, along

with the controls, with an intracerebral injection of
0.002 gm. of the same'tuberculin in 0.2 cc. of physio
logical salt solution.

The percentage of animals

which died was the same for the prepared guinea pigs
as for the controls and did not exceed what is ob
served following any intracerebral injection whatever.
In not one of the prepared animals were any anaphyl
actic symptoms noted.
A second series of guinea pigs, prepared by the
intracerebral injection of 0.002 gm. of tuberculin,
gave the same negative results.

They concluded there

fore that tuberculin of itself does not possess any
anaphylactogenic property.
Benjamin White {68) showed that the phenomena
of anaphylaxis does not lie in the lipoid extracted
from the tubercle bacillus.
The investigations that followed most logically
preceded along the lines of the relationship of ana
phylaxis with immunity.

In

the early observations of

Koch {69) was found that tuberculous guinea pigs, if
reinoculated on the skin with living tubercle bacilli,
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reacted quite differently from normal animals sim
ilarly injected.

Tre tuberculous ones reacted with

a preliminary violent reaction to the injected org
anisms not apparent in the non-tuberculous ones.
However though, the local lesions in the tuberculous
animals seemed to show a tendency to heal in a short
time, .,.hile the lesions of the normal guinea pigs

showed a steady progression. Following this obser
vation Koch noted that tuberculin may be injected
into normal guinea pigs in considerable quantities
without harm, but when doses of approximately 0.2 gm..
was injected into guinea pigs suffering from an ad

vanced tuberculosis the animals were found dead in
twenty four hours.

Since these early observations of Koch on super
infection and the tuberculin reaction, and subsequent
studies of a similar nature on the mallein reaction,
and the typhoidin reaction of Gay (70), and recently
on a considerable number of organisms including staphyl
ococci, the hemolytic streptococci, and others, sho,ed
that in the course of an infection, or after recovery

from the infection, animals and man may become hyper
sensitive to the infectious agent, and au�ject to
intracutaneous reaction similar in principle, though
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reacted quite differently from normal animals sim
ilarly injected.

Tm tuberculous ones reacted with

a preliminary violent reaction to the injected org
anisms not apparent in the non-tuberculous ones.

However though, the local lesions in the tuberculous
animals seemed to show a tendency to heal in a short
time, .Afhile the lesions of the normal guinea pigs
showed a steady progression.

Following this obser

vation Koch noted that tuberculin may be injected
into normal guinea pigs in considerable quantities

without harm, but when doses of approximately 0.2 gm.
was injected into guinea pigs suffering from an ad

vanced tuberculosis the animals were found dead in
twenty four hours.

Since these early observations of Koch on super
infection and the tuberculin reaction, and subsequent
studies of a similar nature on the mallein reaction,
and the typhoidin reaction of Gay (70), and recently
on a considerable number of organisms including staphyl
ococci, the hemolytic streptococci, and others, sho,ed
that in the course of an infection, or after recovery
from the infection, animals and man may become hyper
sensitive to the infectious agent, and subject to
intraoutaneous reaction similar in principle, though
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less marked than the well-known tuberculin reactions.
Baldwin pointed out many years ago (71) that

bacterial allergy does not develop without tissue
reaction in the form of tubercles.

This statement

would naturally lead to the logical supposition that
tuberculin allergy was an infection rather than an

injection'reaction, that is to say, that the animal
would not react unless he were infected with living
organisms.

Pruden and Hodenpyl (72) and later Zinsser

and Petroff (73) showed that dead tubercle bacilli
could give rise to tubercles, and the latter, more
recent investigator� went further to show that ani
mals could be rendered allergic by the injection of
dead tubercle bacilli, provided that tubercles did
result from the injection.

This allergy could even

be produced w�th tubercle bacilli that had been boiled,
and relatively small doses sufficed to bring about the

condition.

From the work of Avery and Heidelberger (74) and
also Zinsser, Mueller and Tamiya {75) (76), it was

found that if animals were immunized with whole bact
eria, either living, formalinized or killed in some

other manner {avoiding dissolution of the cell sub
stance), antibodies were obtained which were type
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specific (and brought the test-tube reactions of

agglutination, precipitation, opaonization, etc.).
If the bacteria were subjected to even the most
gentle chemical cleavage, they found, the bacterial
antigen waij very apt to split into at least two·
antigenically functional fractions.

One, a nitrog

enous nucleoprotein-like material, the other a par
tial antigen, probably of carbohydrate structure,
which is the

s.s.s.

(soluble specific substance) of

Avery and Heidelberger, and the ttresidue substance"
of Zinsser, Mueller and Tamiya.
The antibodies which were produced by the in
jection of the whole bacteria reac.ted specifically
by precipitation with the soluble specific substa�ce,
but this

s.s.s.

injected by itself did not cause

antibody formation of any kind and therefore manifes
ted itself as sort of a haptophore gr�up which was
present in the whole bacteria lending them other

sp,ecific properties.

Immunization with the nitrogen

ous nucleoprotein material produced antibodies, but
these antibodies were of a different kind f.rom those
produced by the whole bacteria and were less rest
rictedly specific,· representing a loose species
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specificity rather than a type specificity.

Avery

and Heidelberger represented these fractions as
follows:
Complete antigen
from whole bacteria

Soluble specific Substance

:,.s.s.s.-

Nitrogenous nucleo
protein-like material

Antibody
produced

No antibody
produced
Antibody
produced

llllllllllll

Zinsser pointed out that these two fractions
were loosely united in the whole bacteria, and tended
to dissociate very easily, mere solution being suffic
ient to disrupt them, but that attempts to put them
together again was unsuccessful.
The dictum of Baldwin (77), "no tuberculin re
action without a tubercle" or that withou·t inflam
matory tissue reaction, is valid, regardless of how

the int'lammation ·is produced, that is, a response to
living or_ to dead organisms.
The work of Avery and Heidelberger, Zinsser,

Mueller and Tamiya brought one fact to light.

Guinea
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pigs treated systematically and for a long time with
the nitrogenous fraction of _tubercle bacillus extracts
do develop a form of allergy, but this is far less

marked than when dead ·tubercle bacilli, or the un

filtered extracts containing fragments are used.
These foregoing chief observations may be
summarized at this time:
(a)

It is the presence of the tubercle bacilli

which incites a specific reaction.
(b)

The antigenic stimulus is not released

from bacilli except by the presence of tissue re

action.

(c)

The injection of chemically produced tubercle

bacillus cleavage products which, because of their
solubility, fail to incite tissue reaction, or are
not capable of eliciting more than a feeble allergy.
These conclusions were further studied by immun
ologists.

Lange (78) in his investigations ;ncluded

the injection of extracts of tubercles and the treat
ment of animals with extracts of normal tissues and

inflammatory tissues from sources other than tub�r
culosis.

Zinsser (79), from his experiments was

convinced that the tuberculin reaction had no re

lationship to the ordinary agglutinating antibodies

(
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and that it was distinct from the typical anaphylaxis
which, by sufficiently prolonged _efforts, can be
induced in animals with bacterial proteins.

It is

this fact which explains the failure of so many
investigators to produce passive sensitization to
tubere.uliD with the serum of animals immunized with
tubercle bacilli.

Manwaring and Bronfenbrermer (80) studied intra
peritoneal lysis of the tubercle bacillus, a form
of dissolution' of the bacilli which so far it has
been impossible_ to_ produ'ce in the· test tube.

The

experiments of McJunkin (81) showed that there prob
ably was some specific product liberated from the
bacilli injected into the tuberculous animal.

He

injected tubercle bacilli into the peritoneal cav
ities of tubercµlous guinea pigs, removed the exu
dates just before death and.filtered them free of
bacteria.

When he treated normal guinea pigs with

such filtrates, eight or nine days after a series

of injections, these guinea pigs would react with

a more or less typical allergy in !ntracutaneous
doses of o.T.

McJunkin does not interpret whether he

sensitized active�y or passively.

But proba�ly he

sensitized actively with bacteria-free materials
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and thereby made an important contribution to the

understanding of bacterial allergic reactions.

T h�. foregoing facts can now be summarized:
(a) Specificity of the tuberculin reaction
,. .,
forces the assumption that, whatever the mechanism,
·the stimulating substance or antigen must emanate
from the bacilli.
(b)

Tuberculin allergy develops in guinea pigs

within two or three weeks after the injection of living

or dead bacilli.
(c)

Its developme�t as the result of the inject•

ion of deaa bacilli excludes the participation of a
soluble exotoxin as a necessary part of the mechansm.
(d)

It develops in a typical manner only when

tissue reactions (tubercles) are formed around injected
bacilli or fragments, and does not develop in its
complete f"orm when chemically prepared extracts of
tubercle bacilli are ad.ministered.
But, (e)

Nevertheless, the injection of filtrates

of" peritoneal exudates in which the body cells and
fluids of a tuberculous guinea pig have acted upon
the bacilli induce typical allergy, as was quite

conclusively demonstrated by McJunkin.

To bring these facts, just summarized, together
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it is sufficient to say that the allergy demonstrated
by the tuberculin reaction is a reaction stimulated
by some specific product of the tubercle bacillus
which is, in the sense of the word, an antigen.

This

antigen is potently liberated in the inflammatory
foci because of the influence of the tissue reaction
and this is probably by the pDocess of lysis.
Thus, then, bacterial allergy becomes a simple
immunological reaction in which characteristic devel
opment of typical reaction depend upon an antigen which
cannot be�produced in its .full :runctional activity

exc�pt by the ·gentle biological process of lysis or
autolysis.
FUrther, and conclusively, in bacterial allergy
we are dealing with the sensitization of the body

by autolytically liberated antigenic substances which
are absorbed from any focus in which bacteria react
with inflammatory tissues, and as a result of which
the body is rendered subsequently sensitive to contact
with these.same autolytic products, whether they are
liberated and absorbed from a chronically existent fo
cus, or from an identical infection subsequently
acquired.
It might be well now to look back on some of
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the theories that were proposed by some of the earlier
investigators of the tuberculin reaction.

In 1890, Koch (82) introduced the general or

subcutaneous tuberculin reaction.

From this time

many hypotheses have been advanced to explain the
phenomenon of this extraordinary susceptibility of
tuberculous animals and patients to tuberculin.
It was first thought, by Koch and others, that
the reaction was one of addition, that is to say,
that tuberculin artificially introduced added itself

to that which was already present in the infected

organism, and the sum was the cause of the febrile
and lacal reactions •• This of course, is not true
,.Qecaus�� as is well known, tuberculin produces intense
:local re�ctions about old tuberculous foci which

..

were latent and therefore incapable of forming free

tuberculin in the body, and also, it is well known,

that repeated injections of very small doses of tub
erculin are sufficient to induce inflammatory cellu
lar reactions within and around the same tuberculous
foci.
With the discovery of antibodies ("sensibilisat
rices") whose presence in the serum of tuberculous
individuals can be detected by the Bordet-Gengou
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compliment fixation test, Wassermann and Brunk (83)
proposed their theo�y of the tuberculin reaction.
They proposed that an antituberculin was formed in
and around the tuberculous foci which was capable
of fixing the tuberculin.

As a result of this

fixing there was a thermal reaction and a focal
reaction.

The antituberculin being present in the

blood as a result of an overflow from the foci:

Antituberculin + tuberculin -fi.xing�Therme.l and
focal reaction

To add to the hypothesis they stated that the reaction
was most intense at the site of the tuberculous foci,
as would be expected, and proved this phenomemon by

postulating that healthy subjects produce no tuber-

.. �u+in reaction simply because they have no antituber�culin:
No foci---�►
�fiNO antituberculin
Tuberculin+ no anti tuberculin----31►� no reaction.
This reaction is analogous to the antitoxin
neutralization·of diphtheria or tetanus toxin, or the

neutralization of venums by antivenums.

This may all be true, but the resultant complex
of antituberculin-tuberculin combination is not pre
cisely an antitoxin, since it manifests itself by toxic
effects (thermal and focal reactions) •
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Later Maurice Nicolle (84) presented his theory

of a lysin of tuberculous endotoxin in the serum of
tuberculous individuals.

This lysin, accoring to

Nicolle, breaks down the tuberculin injected and
sets free the substance which causes local inf'lam
ma.�ory and ge\i.e;al febrile reaction:
Tuberculin

+ lysin ---'- toxic

substance

· Toxic . substance --Jr- Focal and thermal reaction •
.

In 1911, E. Friedberger {85) hypophisied that
.

general and local tuberculous reactions could be
attributed to the abrupt decomposition of tuberculin

of tuberculous endotoxin by the complement of normal
serum in the presence of antibody, and that this
abrupt cleavage lead to the formation of a new
poison, which he and his collaborators called "ana
phylatoxin".

This anaphylatoxin was what was giving

the characteristic local or general inflammatory
phenomena:
Tuberculin of
tuberculous endotoxin

+

Complement of
normal body__-:;:;:,

-- ---=-==-antibody

• anaphylatoxin

Anaphylato.xin----Focal and local reaction.
Jobling and Petersen (86) showed that the ana
phylatoxin reaction should not be regarded as produced
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by a toxin but rather is a manifestation of a phen
omenon resulting rather from the alteration in the
physical state of normal serum.

The investigators

indicated that it was an alteration induced by ab
sorption of certain protective or antagonistic sub
stances normally present in fresh serum, that is,
complement, and perhaps lipids (non-saturated fatty
acids).
Going back a few years to von Pirquet (86) who
as early as 1903, advanced the hypothesis that the
reaction of tuberculous cases to tuberculin, like
that of subjects sensitized to serum, and like the
premature cowpox reaction or vaccinella, was due to
a phenomenon of sensitization to which he gave the
name of allergy.

This was the point of departure

for a series of studies which let him in 1907 to the
proposal of the cutaneous (or cuti-) tuberculin
reaction.

From this premise the modern idea of

hypersensitiveness and the best example, the tuber
culin reaction, has evolved.

The explanation of the focal reaction and other

phenomena following tuberculin injection was proposed
by Petersen {87} {88} and his associates to be bio
chemical and physical alterations independent of

(
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serological reactions.

The latter view was, most

recently, proposed by Hekman (89} in 1914, follow
ing the same line of reasoning used by Maurice Nic
olle 1n 1908.

Petersen and his coworkers showed

definitely by experimental methods that tuberculin
influenced cell permeability.

This increased p erm

eability resulted in an increased liberation of toxic
material from the cells of the tuberculous foci as
well as the vascular endothelium.
Rich and Lewis (90) turned over some ground left
unterned by Petersen by proposing an even more complete
explanation of the mechanism of the tuberculin reac

tion. ,They used tissue cultures to study the nature
of the changed reactivity (allergy).

Their basis for

this method lies in the fact (to quote)

11

that the cells

under the condition of tissue culture are delicate

indications of the presence of cytotoxic substances,
they are free from all complicating nervous and cir
culatory influences and the study of free cells is

by far the most satisfactory method of deciding

such questions as to whether cells of the allergic
body will be damaged by tuberculo-protein in the
absence of allergic plasma.".

They concluded from

their studies that circulating antibody is not im-

(
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mediately necessary for the allergic reaction which
follows the injection of tuberculin, but that the
participation is only that which is bound directly
to the tissue cell.
As a matter of summary it ould be well here to
quote Rich ( 91) ., who says:

11

The infected body becomes

changed in some manner which renders the relatively
bland protein of the tubercle bacillus capable of
acting upon its tissues as a powerful irritant and
poison.

As a result of this change, the cells of

the allergic body are more extensively damaged and
killed by a given amount of tuberculo-protein than
are the cells of the normal body; and ., furthermore,
because of this enhanced irritant action of tuberculo
protein on allergic tissue and because of the resulting
more extensive damage and death of cells, there,
appears a more violent acute inflammation at the
site of action of tuberculoprotein in the allergic

body.

More extensive damage and death of cells, and

more extensive acute inflammation constitute, there
fore, the local visible expression of the action of
allergy.

Constitutionally, the greater irritative

effect of tuberculoprotein upon the allergic body is
manifested by the fact that fever, malaise, prostration
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and even death will ensue when an amount of tuber
culoprotein which is harmless for the normal body
finds its way into the blood stream of the allergic
one."
The final word on the mechanism of the tuberculin
reaction has not as yet been said.

The discrepancies

do not represent so much fundamental differences of
principle as they do gaps in experimental knowledge,
but these gaps are gradually being bridged by accum
ulating experimantal a·nd clinical evidence.

III
TUBERCULIN
The comparative studies of lesions produced
by dead tubercle bacilli in healthy animals and
those already rendered tuberculous, led Robert
Koch (92) in 1891 to th e discovery of tuberculin.

He noted the effects produced by subcutaneous in
jection of dead bacilli in the body and observed

that the effects were quite different in the nor
mal body and the infected body.

Healthy guinea

pigs tolerated large doses of the dead bacilli,
reacting with a simple local abscess, while tuber
culous guinea pigs on the contrary were killed in
six to forty eight hours by very small quantities.
if the dose was so small as not to lead to death,
a more or less extensive area of cutaneous necrosis
was produced about the point of inoculation: and if
one were to continue to inject still smaller doses,
the general condition of the tuberculous animal im
proved, the inoculation ulcers became cicatrized,
the primarily engorged lymph nodes diminished in
size and the evolution of the disease seemed to
undergo a period of arrest.
Thinking at once that this action was due to
a toxic substance liberated by the dead bacilli,
( 51)

(

(52)

Koch, attempted its extraction.

To this end he

first scraped off cultures grown on glycerin agar
and took up the material with a four per cent solution
of glycerin in water; the mixture was evaporated on
a water-bath to one-tenth of its original volume and
the bacilli removed by filtration.
However shortly following this work, Koch de
veloped the technique which is still used in prep
aring what is today called Koch's old tuberculin or
simply referred to as o.T.
culin-Koch�',
tuberculin 11

•

11

Concentrated tuberculin" and "Crude
According to the

under the heading
11

It is also called "Tuber

u. s.

1 Tuberculinum

Pharmacopeia,

Pristinum' it is a

sterile solution in a special liquid culture medium

of the soluble products of growth of the tubercle
bacillus (Mycobacterium tuberculosis) and should con
tain about 50 per cent or' glycerin."
Tuberculin-Koch was originally prepared in the
following manner.

A liter of weakly alkaline beef

broth, containing ten grams of peptone and forty to
fifty grams of glycerin, is poured into a large flat
bottom flask until the latter is about one-third full.
This is sterilized in the autoclave at 120 °c. and
after cooling a fragment of culture is inoculated

(

( 53)

upon the surface of the medium.

The flask is put

away in the incubator at 38 °c. After six to eight
weeks, when the completely developed film tends t9
break up on the surface of the liquid, the latter
is evaporated on a water-bath to one-tenth of its
original volume and filtered through a Berkefeld
or Chamberland filter.

The tuberculin so obtained

is clear, syrupy and of a dark brown color.
In most laboratories, the original technique
has been improved upon.

The cultures are first

sterilized with steam at 100 °0. and then evaporated

on the water-bath; the concentrated liquid is filt
ered through two layers of thick paper (Chardin
paper), which retains most of the bacterial bodies.
A dose of 0.1 to 0.3 cc. of this tuberculin
should kill within six to twenty-four hours guinea

pigs injected subcutaneously four weeks before with
1.0 cc. of the culture of tubercle bacilli, a quan
tity ordinarily sufficient to cause the death of the
animal in eight to ten weeks.

On autopsying the

guinea pigs there is found, at the point of innoc
ulation of the bacilli and around it, a red edematous

infiltration which extends to the corresponding lymph
nodes.

The spleen, liver, lungs and small intestines

(54)

show small, dark-red ecchymotic spots due to extrav
asation of blood.

The suprarenal capsules are in

creased in volume and congested.
•

Von Bergman (93) in 1890, in a case of tumor of
the cheek, was the first to use tuberculin as a
diagnostic agent in man.

Attempts were then made by Koch himself and
o'thers later to purify tuberculins in•such a way as

to eliminate harmful substances in the culture media
(peptone, salts, waxes and fats).

Calmette (94) re

commended a method of diluting a measured quantity
of crude old tuberculin, as produced by the above

described method of Koch, in five parts of distilled
water and pouring the mixture, a little at a time
and with constant shaking, into twenty volumes of

95 per cent alcohol.

This is filtered on a Berzelius filter paper.
The precipitate is redissolved in water of equal
quantity to the raw tuberculin originally used and

then again precipitated with twenty volumes of alcohol.
This last precipitate is oven dried.

It results in

a spongy, grayish-white mass, soluble in water and
very toxic.

One milligram of this powder produces

the same effects as fifty milligrams of raw tuberculin.

(
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This purified tuberculin is preserved in 50 per cent
glycerin water.

As suggested by Calmette, re-dissol-

ving and re-precipitating will further purify this
already greatly purified material.
TUBERCULIN CL
By starting with cultures on liquid media with

out peptone, more easily purified products were obtained by L. Mossol and Calmette (95).

The culture

i(.,�oncentrated in a vacuum at 45 ° c. to one-fifth
of ··its original volume.

The liquid is then pre

cipi·tated with a mixture of ten volumes of 95 per
cent alcohol and ten volumes of sulphuric ether.
The precipitate is then dissolved in small quantities
of water, dialyzed on animal parchment for six to
thirty-two hours in cold running distilled water,
and finally precipitated with ten volumes of absolute
alcohol.

The white powder (Tuberculin CL) obtained

is about ten times more active than the alcohol pre
cipitated purified tuberculin.
TUBERCULI N TR
I n 1897, Robert Koch (96) proposed his tuber
culin TR.

This he obtained by first drying tubercle

bacilli in a vacuum and finely grinding them in a
mortar with an agate pestle.

The bacilli were then

(56)

emulsified in distilled water after prolonged tit
turation and centrif'Uged for thirty to forty-five

minutes at 4000 revolutions. The supernatant opal
escent fluid contained part of the bacillary endo
toxins and constitutes the preparation O.T.

The

muddy residue, was dried, ground, and again taken

up in water, centrif'Uged and reground several times

until centrif'Ugation no longer separated out intact
bacilli.

The diff�rent titration residues were

collected together and twenty per cent of glycerin
added.

One cubic centimeter corresponded to about

two mgms. of dried substance obtained from ten mgms.
of bacilli also dry.
Tuberculin TR may be obtained today.

It is pre

pared in essentially the same way as originally pre
pared by Koch.

The final product contains the residue

of 10 mg. of dried tubercle bacilli in each cc. of
fluid.

It is called "new tuberculin T.R. 11· It is

also called "Tuberkelbacillin Rest, Koch", Tuberculin
Residue", and Tuberculin Ruckstand 11 , for which it is
labelled T. R.

Technically it is referred to as "Tub

erculinum Novum T. R." ( 97) •
New tubercdin T. R. may also be obtained in a
dried form ( Tuberculinum Novum T. R. Siccum)( 98).

(

(5?)

This product differs from the liquid in that the
mass culture of Mycobacteriu.m tuberculosis is repeat
edly ground and washed until all the water soluble
material has been removed. The residue is then ground
to complete disintegration, dried, mixed with a

suitable base and made into tablets.

Each tablet

represents a definite amount of dry tubercle bacilli.
TUBERCULIN BE
In 1901, Koch {99) proposed a substitute for
his tuberculin T. R.
Bazillenemulsion.

He called it Neutuberkulin

It was obtained by making a

suspension of either human or bovine bacilli previous
ly dried and then very finely ground.

The suspension

was prepared by adding one part of the powder to
two-hundred parts of distilled water glycerinated
to fifty per cent.

This was not centrifuged.

Dil

utions were made with physiological saline solution,
the strength being expressed in bacillus content on
the basis of one cubic centimeter of the initial raw

product containing five mgms. of powdered bacilli.

Tuberculin B. E. (Tuberculinum Novum B. E.)(100) can
be obtained today and is practically identical to the
original preparation of Koch's.
is a dried form {Siccu.m)(lOl).

It is also prepared

A solution of this is

{58)

practically a bacterial vaccine.

The bacteria, Myco

bacterium tuberculosis, are dried, ground, mixed with
a suitable base, and made into tablets.

The diluent

is adjusted so·that one tablet dissolved therein will
represent the desired amount of new tuberculin B. E.
tried, per cc.

These tablets represent 0.0001 mg.,

0.001 mg., 0.01 mg., 0.1 mg. and 1.0 mg. in their var
ious strengths.
TUBERCULIN AF
This Tuberculin A. F. is also one of Koch's.

The

media used is one modified from that of Proskauer and
Beck {102).

This tuberculin is peculiar in that it

is made from cultures on media containing neither
meat, nor peptones and was called by Koch, "albumose
frei 11 •

The media contained asparagin or ammoniacal

salts. After two months development of the culture,
they were killed by a two hour heating at 60 °0. on
two successive days and then filtered.

The filtrate

was evaporated in a vacuum to one-tenth its original
volume, and 0.5 per cent carbolic acid added.

A

number of guinea pigs were inoculated subcutaneously
to be certain that no living bacilli remained.
TUBERCULIN OF MARAGLIANO
In 1898 Maragliano {103) presented his modified

(59)

tuberculin.

He filtered the glycerin peptone broth

culture and the bacilli remaining on the filter we�e
freed of all traces of glycerin.

They were then

mixed with a quantity of distilled wat�r equal to the
original culture volume and the whole left for forty

five hours on a water-bath at 95 to 100 °0.

The mix

ture was afterwards evaporated to one-tenth of its
original volume and filtered. Thus he obtained a
tuberculin similar in all respects to Koch's old
tuberculin.
OTHER DERIVED PRODUCTS
All of these products, as well as those just
described for examples, oweetheir properties to
endotoxins and exotoxins contained in the original
tuberculin of Koch or in purified precipitated tuber
culins, and it does not appear that any of them re
places to advantage the original which is easily
prepared and of perfect stability, provided it is
protedted from air and is in concentrated glycerin
solution.
As stated in the 1942 New and Nonofficial Rem
edies (104): "Many different methods have been used
to prepare from the tubercle bacillus {Mycobacterium
tuberculosis) substances which might be used in the
diagnosis or treatment of tuberculosis.

These have

(60)

been, in general, called tuberculins, and a few of
the more prominent are enumerated here.

For diagnosis,

either Koch's old tuberculin or a preparation from the
filtrate of a synthetic nonprotein culture medium
in which tubercle bacilli have been grown, is usually
employed.

For treatment, each tuberculin has its

advocates, but it is doubtful whether there is any
essential difference in the action of the various
forms.

The strength varies, however, not only in

tuberculins prepared by different methods, but also
in different batches prepared in exactly the same
manner.

A tuberculin, designated Purified Protein

Derivative, has been prepared within the last few
years and is now extensively employed as a standard
against which all tuberculins can be checked."
A few more may be merely mentioned.

The "Tub

erculocidine of Klebs" (105) is only weakly toxic
and its use has been discontinued for a long time.
The "Oxytoxine of Hirschfelder" (106) is also non

toxic and does not appear to have been introduced
into medical practice.

The

11

Tuberculol of Landmann.,

(107)(108) was found to be of no value because the
toxicity of the preparation for healthy animals
probably results from the fact that it contains

{61)

decomposition products of the protoplasmic substan
ces.

The "Tuberculin of Beranek" {109) was discarded

because it was found to be non-toxic for normal guinea
pigs and scarcely so for tuberculous pigs.

11

Tubo

lytin of Siebert and P. Roemer" {110) is of little
value in clinical.and experimental work because it
is much less toxic than even old tuberculin of Koch
since it requires about five times as much tubolytin
and tuberculin-Koch to cause death in experimental
animals.

In 1897, E. Buchner (111) and Hahn {112)

presented their

11

Tuberculo-plasmin".

This light amber

colored liquid was relatively stable and was a par
ticularly active tuberculin, but was not extensively
used because of the technical difficulties of its
preparation.

"Tuberculin of Rosenbach" (113) was

presented in 1910, but according to Lesser and Koegel
(114), this tuberculin is in no way superior to the
old tuberculin-Koch; it appeared to be about 1000
times less active than Qld tuberculin and offered
the disadvantage of containing non-specific products
of the trichophyton.

The tuberculin was a complex

extract derived from a mixed culture of tubercle
bacilli and of a mol�, the Trichophyton holosericum
album.

(

In 1911, like the tuberculin of Rosenbach's,

(62)

Vaudremer (115) also attempted to produce a usable
extract derived from mixtures of tubercle bacilli
and molds. Of interest is the "Neurin-tuberculin
of Much" (116) which is a solution of tubercle
bacilli in neurin (a substance derived from the

decomposition of brain tissue---C5H13NO). Animals
injected with this preparation showed symptoms of
neurin poisoning.

This neurin-tuberculin, other than

its neurin poisoning effect, was found to be non-toxic
for normal guinea pigs as well as tuberculous ones.
Many more could be mentioned but would merely

take time and space. Some have their advantages and
many more have been thrown into discard.
PURIFIED PROTEIN DERIVATIVE (P.P.D.)
Tuberculin P.P.D. was developed in cooperative
research conducted by Parke, Davis and Company in.
conjunction with the Research Committee of the Nat
ional Tuberculosis Association. Purified Protein
Derivative was presented a<:Ja standardized tuberculin
for uniformity in diagnosis and Epidemiology, in Dec

ember of 1934 by Seibert, Aronson, Reichel, Clark and
Long (11'7 ) •
This type of tuberculin is made from a prepar
ation analogous to old tuberculin, differing chiefly

(

(63)
in that a non-protein medium is used instead of gly
cerol bouillon for the growth of tubercle bacilli.
The culture fluid and bacilli after ten weeks of
growth are heated as in the preparation of old tuber
culin, and the bacilli are filtered off and the fil
trate concentrated. After this, all constituents of
the original medium and all diffusible products of
bacillary growth are removed by ultrafiltration, a
method of pressure dialysis, and what is believed to
be the active principle of tuberculin is precipitated
by ammonium sulfate at pH 7.0 or trichloroacetic acid.
The precipitate is reprecipitated, wha.shed and dried.
It is dispensed in solid, stable form permitting the
preparation of solutions of definite concentration.
Tuberculin P.P.D. was selected for a country
wide campaign of tuberculin testing conducted under
sponsorship of the National Tuberculosis Association
during a two-year period (1934-1936).

Physicians

in all parts of the United States cooperated in this
study and sumitted their results for analysis.

Whit

ney and McCaffrey (118) analyzed and reported results
of these tasts which included 85,707 first and second
strength tests on 56,688 persons.

Use of P.P.D.

allowed uniformity in dosage and tecbnic, and made

(
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possible the collection of more reliable and complete
data than heretofore obtained.
COMPARATIVE STUDIES OF P.P.D.
Law (119) made a comparative study of the relative
effectiveness, as case finding aids, of freshly pre
pared dilutions of Old Tuberculin and the two stand
ard test doses of Tuberculin P.P.D.

This study, em

racing approximately 3000 tests, showed that tuberculin
P.P.D. is uniform in its reaction, potent, and reliable.

The first strength test dose of P.P.D. found more re

actors than did Old Tuberculin in 1:1000 (O.l mg. O.T.)
dilution.

The second-strength dose of Tuberculin P.P.D.

found more than seven times as many reactors as did
Old Tuberculin in 1:1000 dilution, and more than twice
as many as Old Tuberculin in 1:100 (l.Q mg. o.T.)
strength.

Crimm and his associates (120) tested 1,003
children with Old Tuberculin and Tuberculin P.P.D.
simultaneously.

They found the first strength test

of the latter to be 7.8 per cent more efficient in
finding reactors than Old Tuberculin in 1:1000 (0.1 mg.
o.T.) dilution.

The second strength of Tuberculin

P.P.D. was 11 per cent more effective than O.T. in
1:100 (l.O mg. o.T.) strength.

(

The percentage of
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error (negative reaction in cases of proved tuberculosis) of O.T . and P.P.D. was found to be essentially the same.

As a result of these studies, the

authors concluded tbat as a means of case finding,
Tuberculin P.P.D. is eight to ten per cent more
effective than Old Tuberculin.

The report of Plun-

kett and Siegal (121) on 1,747 subjects tested simultaneously with O.T. and P.P.D . similarly shows
that Tuberculin P.P.D. in high dilution is more potent than o.T •
Dodds (122) in a recent paper evaluating tuberculin tests in general sys of Tuberculin P.P.D.:

"This

new material offers an easily prepared presh tuberculin
for testing purposes.

Owing to its uniform potency

a large number of extensive reactionspreviously seen
with old tuberculin are eliminated.

The test is eas-

ily interpreted and owing to the uniformity of the
dosage an accurate check is possible in each patient
at various intervals regarding the degree of hypersensitivity remaining to tuberculoproteins. 11
Parsons (123) discusses tuberculin testing technique and says that P.P.D. gives more uniform reaction
than old tuberculin.

It should be remembered that

sensitivity to tuberculin may be absent in acute

...,.-
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miliary tuberculosis and far advanced generalized
tuberculosis.

Hayes, Pastor, Gaeton and Long (124)

performed monthly skin tests on 116 patients with

chronic pulmonary tuberculosis, twenty of whom were
under obeervation for about one year and 67 of whom
were under observation for more than four months.
P.P.D. in doses of 0.00002 mg. and 0.005 mg. was

used for all tests.

The general level of sensitive

ness to tuberculin was low.
not found.

Strong reactions were

More than half of the patients followed

longer than five months maintained approximately the
same level of sensitivity.

While it was noted that

certain patients with an unfavorable course tended
to loose their tuberculin sensitivity, a definite
continuing depression of sensitivity, was observed
also in patients with chronic tuberculosis of long

duration but somewhat favorable course.

Also tran

sient or prolonged increase in sensitivity occurred
in many patients with clinical improvement.

No cor

relation could be established between the tuberculin
sensitivity and the patients' temperature or between
• tuberculin sensitivity and seasonal influences.
With regards to seasonal influences, Rigoni and
Zanfrognini (125) performed the tuberculin test on

(67)

1,630 patients over a period of five years.

It

was demonstrated by plotting on a graph the results
that the intensity of the reaction to tuberculin
presented two peaks during the year, the highest

one occurring between March and May and the lower
in October and November.

These peaks occurred with

regularity during each year studied.

One might expect, from the work of H. Hilber
(126) that eczematous patients would show an altered
tuberculin reaction if tested.

In his work he inj

ected forty tuberculin positive children intracuta
neously with serum from egg-sensitive eczematous
children.

In eleven the tuberculin reaction was

completely inhibited when it was put on twenty-four
hours later; in sizteen it was partially interfered
with, and in the remaining thirteen it was unaffected.
There was no relationship with the tuberculous status
of the recipient, whether active or not, and outcome
of the test.

Controls with normal serum did not show

the inhibiting phenomenon.

The inhibiting effect

was lost if the Prausnitz-Kustner reaction was com
pleted by injecting an egg white solution (O.l cc of
a fifty per cent solution) before putting on the tub
erculin test.

(

Hilber interprets the observations as
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being due to a blocking of a second allergic reaction
by egg anibodies previously fixed to the tissue cells.
Variations in response are attributed to constitutional
variations in antibody-fixing capacity of the skin
cells.

Some children completely lacking in this

capacity were encountered.
Clinically along this same line it is noted that
when a tuberculous infected individual is suffering
from pneumonia, measles, scarlet fever, pertussis,
diphtheria, typhoid or secondary syphilis the tuber
culin test may be negative to the ordinary strengths
used and remain so for a variable length of time.

(

IV
TUBERCULIN IN DIAGNOSIS
Eight years following the discovery of the
tubercle bacillus in 1882 (127), Robert Koch in
troduced tuberculin into medicine (128).

Following

the identification of the bacillus of tuberculosis

as the cause of consumption came attempts to specific
treatments and possible cure.

Working with exper

iments on guinea pigs, Epstein (129) and Escherich
{130) were the first to present tuberculin as an
adjunct of diagnostic value.

Pfaundler,_Moro, Ham

burger and Pirquet, working with Escherich soon devel
oped the local tuberculin tests.

Escherich worked on

the supposition that tuberculin would be of value

in treatment of tuberculosis. ·He was misled by the
coarse of the disease in children because spontaneous
regression of 1-ymph gland tuberculosis occurred.
him, tuberculin offered a hope.

To

He noted that the

injection site, after injecting tuberculous children
with tuberculin, ·showed redness, swelling and pain,
which he called the

11

stichreaktion".

Subsequent investigations proved to investigators
that nearly every cell of the body of an individual
with tuberculosis possessed a tuberculin hypersen{69)

(70)

sitiveness.

New methods of tuberculin applications

grew from these early investigations.

The von Pirquet

{131) test; the conjunctival method of Calmette and

Wolff-Eisner (132) {133); the percutaneous or inunc
tion method of Moro {134); the intracutaneous technic
of Mendel, Mantoux and Moussu (135) (136) (137); and
the Hamburger (138) modification of the original
11

Stichreaktion 11 of Epstein and Escherich, or also

referred to as the local subcutaneous test, all made
their appearance within the few follo.wing years.
CHOICE OF TESTS
The following methods of employing tuberculin for
diagnostic purposes are most generally:
1.

Intracutaneous test (Mantoux)

2.

Subcutaneous local test ( 11 Stichreaktion")

3.

Percutaneous (Dermotubin or Moro test}

4.

Cutaneous test (von Pirquet)

5.

Subcutaneous test

6.

Conjunctival test (Calm.ette and Wolff-Eisner).

One must consider the following conditions in
making a choice:
1.

Is the test safe?

2.

Is i� easily performed?

3.

Is it sufficiently sensitive to elecit a reaction

( 71)

4. Can the reaction thus elicited be easily
interpreted?
5. Will it permit quantitative evaluation for
future data?
Besides the choice of test, one must also select
the most desirable tuberculin.

In the preceding

dis

cussion on tuberculins (Chapter III), it was quite
conclusively shown that purified protein derivative
(T.P.T., MA 100 or P.P.D.) is the most desirable.
Much work has been done in favor of and against
the favor of all the various types of tests. Some

have their advantages and also disadvantages.

Some

are simpler and other are more accurate. No test
completely fulfills the desired requirements. Every
clinician has his preferred method and tries to con
vince his collegu�s that his technic is the better
and publications are full of articles of statistical
"evidence" why their method is the better. One must
remember that conditions vary.

While the percutan

eous test may be desirable for a rough estimate of
tuberculous sensitiveness in a large group of children,
the intracutaneous (Mantoux) or the cutaneous (von
Pirquet) test may be more desirable in another group
where sensitiveness of the test and freedom from
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technical error are in demand.

Tests such as the

"Stichreaktion" 1.s of equal value to the intracut

aneous test, but because of vogue or perhaps habit,
it is not in general use in this country.

In Europe

this may be a different situation. There the

11

Stich"

test may receive more followers. The subcutaneous
test is of value only perhaps in special cases (hosp
ital cases under constant supervision).

It is con

sidered to be more sensitive than the other methods.
As to the conjunctiva! reaction, with all respect to
Calmette and Wolff-Eisner, it is definitely contra
indicated in any situation.

It not only is UI'l..reliable

but painful as well.
TECHNIC OF THE TESTS
1.

Intracutaneous test (Mantoux).

If the older

tuberculin is used; O.l cc. of a 1:1000 dilution
{'0.1.,mgm.) is used for the diagnosis o:f tuberculous
infection in individuals without definite clinical
symptoms and weaker dilutions, 0.1cc. of 1:10,000
dilution (O.Ol mgm.) :for diagnosis in individuals
with suspiceous symptoms of tuberculosis. Stronger
*

dilutions, 0.1cc. o:f 1:500 or 1:250, may be used in
private practice where a definite answer is desired.
The injection is made on the volar surface of

(
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either forearm at approximately the junction of the
upper and middle thirds, after the skin has been
cleansed with 70 per cent alsohol or with ether.
A well fitting 1.0 cc. tuberculin syringe and a sharp,
short bevel 26 gauge half-inch long needle are used
�or the injection.

Use of a platinum needle which

can be flamed between injections is helpful in group
testing work.

The injections are made intradermally

with the bevel of the needle pointing upward.

The

skin is held taut with the free hand and the needle
is inserted as nearly parallel to the skin surface
as possible until the bevel is completely covered.
If the tuberculin is injected intracutaneously, as
it should be, it a�ould raise a white bleb and the
hair follicles should be clearly visable on the
rounded elevations at the site of injection.
If P.P.D. (purified protein derivative) is used
the following dilutions are recommended (139):

The

desired dilution is made by transferring, with aseptic
precautions and sterile tuberculin syringe, 0.5 cc. or
1.0 cc. of diluent into the vial containing the de
sired strength of tuberculin tablet; if 0.0001 mg.,
then 0.5 cc.; if 0.0002 mgm., then 1.0 cc. is used.
The smaller tablet provides material for five immed-

(
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iate tests, the larger tablet material for ten immed
iate tests.

The vial should be first shaken to effect

� complete solution and ten minutes allowed before re
moving the test dose.
As recommended by the National Tuberculosis Assoc
iation, the interpretation of the intracutaneous tuber
culin tests is as follows: (140)
11

A positive reaction is one that shows edema and

redness of varying degree after forty-eight hours, or
later.

If there is no edema, the reaction should be

considered as negative.
"Positive reactions may be arbitrarily class
ified as one, two, three or four plus, depending upon
the extent of edema measured at its widest diameters.
A reaction showing some redness and definite edema,
more than 5 mm. and not exceeding 10 mm. in diameter,
is recorded as a one-plus (+) reaction.

(+ +)

A two-plus

is an area of redness and edema measuring from

10 to 20 mm. in diameter.

A three plus reaction

<+ + +)

is characterized by marked redness and edema exceeding
20 mm. in diameter.

A four-plus reaction

(++.++)

consists of marked redness, edema and an area of nec
rosis.

A reaction with slight redness and a trace of

edema, measuring 5 mm. or less in diameter, is marked

( 75)

doubtful.

If there is no edema at the site of injection,

even if a slight redness is present, the test is re
corded as negative.

In interpreting the tuberculin

the tuberculin reaction it must be remembered that
redness is of less significance· than the edema.
"When reading the tuberculin test, the arm should
be in a good light and flexed a little at the elbow.

if the arm is held straight out, the nuscles may be
taut enough to obliterate the redness and edema.

is well, also, to look across the arm rather than

down on it.

It

Pass the finger over the tested area;

the induration caused by the edema can be felt even
when it does not produce an elevation that can be
seen.
"A positive tuberculin test always means the
presence of tuberculous infection.

Failure to get

a positive reaction, however, does not always exclude
tuberculosis.

Sensitiveness to tuberculin may be

absent in acute miliary or generalized tuberculosis

and during some infectious diseases.

(As was previously

pointed out in the chapter on tuberculin).
"It is found occasionally that a person once a
reactor may later become negative to the test.

Occas

ionally, a calcified pulmonary nodule may be seen
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doubtful.

If there is no edema at the site of injection,

even if a slight redness is present, the test is re
corded as negative.

In interpreting the tuberculin

the tuberculin reaction it must be remembered that
redness is of less significance· than the edema.
"When reading the tuberculin test, the arm should
be in a good light and flexed a little at the elbow.

if the arm is held straight out, the nuscles may be
taut enough to obliterate the redness and edema.

It

is well, also, to look across the arm rather than
down on it.

Pass the finger over the tested area;

the induration caused by the edema can be felt even
when it does not produce an elevation that can be
seen.
"A positive tuberculin test always means the
presence of tuberculous infection.

Failure to get

a positive reaction, however, does not always exclude
tuberculosis.

Sensitiveness to tuberculin may be

absent in acute miliary or generalized tuberculosis

and during some infectious diseases.

(As was previously

pointed out in the chapter on tuberculin).
"It is found occasionally that a person once a
reactor may later become negative to the test.

Occas

ionally, a calcified pulmonary nodule may be seen
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in persons who fail to react to tuberculin.

In such

cases, the focus of disease is obsolete or the lesion
is non-tuberculous."
The intracutaneous tuberculin test, even with
the purified protein derivative (P.P.D.) is not with
out danger.

Certain caution should be taken when

using the test for diagnostic purposes.

In children

with swollen cervical lymph nodes, ulcerations or with
discharging sinuses, 0.001 mg. of Q.T. or 0.000002 mg.
of Purified Protein Derivative should first be used,
as a stronger dose will sometimes cause very severe
reactions.
2.

Subcutaneous local test ( 11 Stichreaktion11 of Esch

erich and Hamburger).

In this test, which is seldom

used in this country, one-tenth of a milligram of
Koch's old tuberculin is injected with a syringe into
the dermis

(superficial subcutaneous tissue) of the

external aspect of the forearm, avoiding the intro
duction of the needle into the subcutaneous cellular
tissue, just as was done in the intracutaneous test
(Mantoux). Twenty-four hours after the injection
two inflannnatory zpnes are observed, of which one
develops· about the point of inoculation and the other
at the point where the needle pierced the epidermis.
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The redness and swelling increase in intensity for
24 to 48 hours, to disappear a few days afterward.

A

brownish colored thickening of the skin persists a
fairly long time.
The reaction is usually read in 48 hours.

Re

actions may vary in intensity like the Mantoux test
and the same precautions must be used in selecting
the proper dilution of tuberculin.

The local sub

cutaneous test has nothing to recommend it over the
use of the Mantoux test in its various dilutions.
The reaction may b� paini'ul; leading to edematous
infiltration and ·a fairly intense pruritis; at times
there is some fever and particularly when the test
is performed upon the arm, an engorgement of the
corresponding �)m.ph.�nodes.
3.

Percutaneous (Dermotubin or Moro test).

This test

is performed usually with dermotubin, which is a
preparation containing soluble substances of the
tubercle bacillus together with a suspension of killed
tubercle bacilli in glycerine and made into an oint
ment with lanolin.

The original percutaneous test

as used by Moro with equal parts of anhydrous lanolin
and Old Tuberculin bas proven less sensitive.

The

sternal region of the chest is the usual site selected,

(
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although the skin of arm, back, abdomen or thigh may
be utilized.

The test site is cleaned with benzine,

ether or 70 per cent alsohol and a drop of dermotubin
about the size of a pinhead is applied to the clean
skin.

The preparation is rubbed thoroughly (about one

minute) into the skin in an area about 1 inch in
diameter.

The bare finger should not be used for

rubbing in the ointment.

A rubber finger cot may be

conveniently used for this purpose.
The reactions are read at 48 hours and in ex
ceptional cases up to one week.

Positive reactions

may appear within 24 hours and in most cases these
begin to fade out in 96 hours.

A positive reaction

consists is the development of slightly elevated
papules with a hyperemic base over the area tested.
One papule is sufficient to constitute a positive
reaction but in a tuberculous infected individual
many are usually,seen.

When the reaction is markedly

positive the papules may become confluent and vesicles
appear.

Some experience is necessary for the correct

interpretation of a positive reaction, particularly
if the, reaction is mild.

The criterion for a positive

test should be- the presence of a definite subcuticular
pale yellowish-red papule, more distinct with skin taut.
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4.

Cutaneous (von Pirquet) test.

commonly used in this country.

This test has been

Full strength tuber

culin and a scarifier are all that are needed.

The flex

or surface of the forearm is carefully cleansed with
70 per cent� alcohol or ether.

Two drops of stand

ardized undiluted Old Tuberculin are applied to the
forearm about four inches apart.

In between the

drops a control abrasion is made with the use of
a Pirquet scarifier or any of its modifications.
Abrasions are then made over the sites containing
the tuberculin.

The.scarifications are made in an

oblique line instead of perpendicular in order to
avoid direct spread of tuberculin to the control
by lymphatic drainage.

The tuberculin is allowed to

remain in contact with the scarified areas for five
to ten minutes and care must be taken to avoid con
tamination of the control area by tuberculin.

No

dressing is required.
rule.

The reaction is read in forty-eight hours as a
A positive reaction may appear within 24 hours

and some reactions may be delayed as long as 72 hours.
A positive reaction is one that shows an inflammatory
infiltration at the sites of the abrasions through
the tuberculin and merely the changes incident to
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trauma at the control abrasion.

The quantitative

grading of the reaction is questionable as the amount
of tuberculin that comes in contact with the cutaneous
tissues is variable.
Of importance is the technic used in making the
skin abrasions.

While the Pirquet scarifier or one

of its modifications is desirable, a needle or even
the pbint of a scalpel may be used, and it has been
suggested that the end of a tooth-pick could be used.
The superficial epidermic layer of the skin must be
abraded so that the tissue spaces come in contact
with tuberculin.

Bleeding, as in small-pox vaccination,

should be avoided.

If these points are not regarded

a negative test can be vitiated on the basis of
faulty tecbnic.

It makes little difference whether

the tuberculin is placed on the skin before or after
the scarification is made.
5.

Subcutaneous test.

As previously indicated this

test bas definite limitations as a diagnostic method
and possesses the potentiality of grave danger in
the presence of a latent or quiescent tuberculous
lesion.

If used at all, it should be confined to

hospital patients where careful observation is poss
ible and the diagnosis cannot be established by another
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method.

The test is contrindicated in patients with

heart disease.

It should never be used if activity

of the tuberculous lesion is suspected.

Because fever

is a part of the reaction it can only be used in those
who are free from pyrexia.

These limitations and

its unreliability as a diagnostic test have caused
clinicians in this country to practically abandon
the test.

If the subcutaneous test is used the patient

should be hospitalized and a careful record of his
pulse and temperature should be recorded before the
injection.

X-ray and a careful physical examination

of the chest are important before the injection is

made and the focal reaction is a comparative study
of the changes in the lung before and after the test.
Old tuberculin in doses of 0.01 mgm. or purified
protein derivitive (P.P.D.) of 0.00001 mgm. respect
ively is injected subcutaneously under aseptic pre
cautions.

Within twelve to twenty-four hours the reac

tion may occur.

Reaction at the injection site is

characterized by redness and infiltration.

The focal

reaction by physical examination may be present when

• moderately coarse rales occur in an area of the lung
fields in· which they have not been heard previously.
By x-ray the focal reaction shows on the film as an

(
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increased area of density. Other than the pulmonary
focal signs of reaction (extrapulmonary foci) hyper
emia and swelling of the affected tissue may occur.
Elevation of temperature, generalized aches and pains,
headache and malaise are constitutional signs and
symptoms.

Nausea and vomiting may be present in

some cases.
6. Conjunctival or Ophthalmic test (Calmette and
Wolff-Eisner).

In this reaction, according to Calmette

(141), the tuberculin is instilled with a dropper on fine
pipette at the inner canthus of one eye, a single drop of
a sterile 1 per cent solution of precipitated purified
tuberculin (not P.P.D.) being used.

The head should

be tilted back. With the left hand the lids are held
apart, the patient being instructed to look upward and
outward; with the right hand the drop 1s instilled,
then another one being immediately introduced if the
first is forced out by a spasm of the lids.

The eye

is covered with a pledget of cotton soaked in boiled
water and with a band.

These are removed after a few

minutes.
When the reaction is to be positive there is seen
after five to six hours a little reddening of the con
junctiva; little by little this increases in extent
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and in 24 to 48 hours ginerally reaches its maximum
intensity.

The instillation ought therefore to be

made in the morning, so that the results may be ob
served the same evening, the next morning, the evening

of the next day and the second day.
are rare.

Delayed reactions

When r,eactions occur with their normal in

tensity, the caruncle, the semi-lunar fold, and the
conjunctiva are found red and swollen, and some exu
date, at first serous and then slightly cloudy, accum
ulates �n the conjunctival sac.

The eye lachrymates

and the subject complains of a painful pricking sen
sation, altogether like that experienced when a small
foreign body irritates the conjunctiva.

The sub

-conjunctival capillaries are dilated and small ecchy
moses are now and then produced.
After two or three days the 1acal inflannnation
subsides and disappears, but .frequently the eye re
mains red for one or two weeks.

These prolonged react

ions are observed particularly among moderately infected
or very resistSJ1t individuals.
Subjects who are entirely free from all tuber• culous infection do not react in any way to the tuber
culin instillation.

Yet one occasionally observes a

mild reddening, after two or three hours, if glycerinated
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tuberculin or badly sterilized solutions have been
employed.

But this redness disappears very quickly,

is not accompanied by lachrymation, and the caruncle
does not take on the deep red color of the positive
reaction.
OTHER TUBERCULIN TESTS
Of recent years the tuberculin patch test bas
been under quite extensive comparative study.

A few

years ago Hiro and Takahashi reveiwed several of the

comparative studies that had been made, {142}.

In this

paper the writer gave the results which they obtained
with comparative tests on 1,000 children under ten
years of age, using both the von pirquet and tuber
culin patch techniques.

They performed the tuberculin

patch test by cleansing the forearm with alcohol-benzine
and applying one drop of old tuberculin which they
covered with a square of adhesive.

A drop of saline

under adhesive was used as a control.

Both the patch

test and the von Pirquet test were graded according
to the intensity of the reaction.

These authors were

of the opinion that the patch teat could be used for
� diagnostic purposes.

They noted that the greatest

variation in the results obtained with the two technics
occurred in the milder sensitive cases.
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Vollmer and Goldberger (143) compared the patch
test with the Mantoux intracutaneous test.

In these

studies the tuberculin used for patch testing was
about four times as strong as the usual old tuberculin
used for the Mantoux test.

In their evaluation of

the tuberculin patch test (144} they contended that
for general �se in practice the tuberculin patch test
alone may suffice •. For exact diagnosis on hospital
wards the writers suggested the following routine
for tuberculin testing:

1.

The tuberculin patch

test should be applied and read two days later. 2.
Negative reactors should be retested by th e Mantoux
test with (O.l cc. of solution 1:100 of

o.

T.) 1 mg.

or second strength solution (0.0005 mg.) of purified
protein derivative (P.P.D.). 3. Both tests should

be repeated if there is any discrepancy.

If the dis

crepancy remains, the Mantoux reaction should be re

garded as the deciding one.

Taylor (144) made some similar studies in com
parison of the patch test with the Mantoux test in a
aeries of 744 cases ranging in age from 3 months to
71 years. His results indicate that the simple Vollmer
patch test is, on the whole, as effective as the Mantoux
test.

The patch test is slightly more sensitive than
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the Mantoux test in young adults and is less sensitive
in persons past the age of 50 years.
Fineman and Blair (145) in their studies on the
evaluation of the tuberculin patch test, concluded that
the tuberculin patch test is simple, practical, and
reliable, and is somewhat more sensitive than the Pir
quet test and slightly less sensitive than the Mantoux .
For routine work, the patch test is recommended as the
initial test in place of the Pirquet.

If it is negative

at the end of one week, a Mantoux test with O.l mg. O. T.
is advised.
Kereszturi (146) concluded from his studies that
the tuberculin patch test, because of simplicity of
performance, has a limited field of usefulness but
that it is not as yet as reliable as the well-estab
lished Mantoux test.
At any rate at the present time, as the situation
stands, there should be little doubt, that the intra
cutaneous test of Mantoux, performed with purified
protein derivative (P.P.D.) is by far the most standard
and most reliable and meets all the requirements for
• a satisfactory tuberculin test.
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